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1. 

x\ Point has situation in space or 
quantity^ but ha$i no parts^ and no 
magnitude. 

2. 
A straight line is the shortest dis- 
tance between two points. 

A2 



4 GEOGRAPHICAL ' 

3. 

Parallel lines lie equally distant 
from each other, and, if infinitelj 
produced, would never coincide. 

4. 

A circle is a figure the area of 
which is limited by one continued 
curved line called its circumference, 
and is such that all the straight lines^ 
which can be drawn from a point 
within it, called its centre, to the 
circumference, are equal to one 
another. 

5. 
The diameter of a circle is a 
straight line which passes from one 
extremity to the other, through the 
centre/ 
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6. 

A semicircle is that part included 

between the diameter and half the 

« 



circumference. 

« 

7. 
A quadrant is half a semicircle, 

or one quarter of a circle. 

8. 

The circumference of every circle 

is divided into 360 equal parts, called 

degrees ; each degree is su[/posed to 

be divided into 60 equal parts, called 

minutes ; each minute is supposed to 

be subdivided into 60 seconds, &c* 

Hence, a semicircle contains 180, a 

quadran£ QO, and half a quadrant 45, 

degrees. 

The diviuons of a circle are de- 

A 3 
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9 

noted by characters, thus, loP ^' 
44'' 3&'\ &c. which -signify, ten de- 
grees, twenty four minutes, foftyfour 
seconds, thirty six thirds, ike. 

An angle is fc^med by the in- 
clination of two lines to one another^ 
and the point of intersection is called 
the angular point, 

10* 

Every angle contains as many de- 
grees, minutes, &c. as are contained 
in that portion of a circle which is 
intercepted between the sides: the 
angular point of which is the centre 
of the circle, and the number of de- 
grees, minutes, &c. thus intercepted, 
is the ipeasure of the angle. 
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m. 

The extent of a circle does not alter 
•Ihc number of its degrees, neither are 
ihe degrees, which an angle contains;, 
increased by the extent of its sides ; 
•hence, the degrees, minutes, &c. oft 
circle become enlarged in proportion 
to its magnitude. 

r 

J-2. 

A globe. Of sphere, is formed by 
the revolution of a semicircle round 
its diameter which remains fixed, 
and is such that ail the straight lines, 
that can be drawn from its surface to 
its centre, are equal to one another. 

13. 

The superfices of the terrestrial 
globe represents the parts of the earth 
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in their respective places^ in the same 
proportion which the superfices of th* 
globe bears to that of the earth. The 
political divisions, viz. empires, king- 
doms, principalities, &c. although 
they have orijfinated from accidental 
causes, are considered as permanent ; 
under ih^ physical di^^ision, the globe 
is considered as terraqueous, the solid 
partSy^being divided into continents, 
islands, peninsulas, &c. The fluid, 
Into oceans, seas, straits, &c. And, 
under the mc^thematical^ the earth is 
considered as divided into parts by 
human ingenuity, and thereby fitted 
to become the subject of a science, 

14. 
The rod, about which the globe 
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revolves, represents the axis of the 
earth ; the extVemitiea of the axis are 
the poles which are under the two 
points in the heavens about which 
the stars seem ta revolve ; the one is 
called the north; the other, the south 
pole, • . ^ 

15. 

The circles of the globe are of two 
kinds, vi^. great, and small. A great 
circle dividesi the globe into two eqU^l 
parts,, the centre of which coincides 

9 

with that of the globe. A small cirw 
de is parallel to a greater ; hence, it 
divides the globe into two unequal 
parts, and its centre is different from 
that of the globe. 
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16. 
The principal great circles are 
The Horizon ; 
The Meridian ; 
The Equator ; 
The Ecliptic ; 
The Equiiittctial colure ; 
The Solstitial colure. 

17. 
The Horizon* 

« 

The principal points on the horizon 
are the north and south, at which it 
is cut by the meridian ; and the east 
and west, which are equidistant from 
the former. It contains five concen- 
tric circles : the innermost contains 
the degrees of amplitude, numbered 
from the east and west points^ and 
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which proceed each way to 90®. The 
next circle contains the degrees of 
azimuth, numbered from the north 
and south towards the east and west. 
The next contains « the thirty two 
points of the compass. It is divided 
into four quadrants, each of which is 
subdivided into eight parts, so that a 
point occupies II4 degrees. 

18. 
The fourth circle upon the horizon 
is divided into the twelve signs of the 
zodiac, each of which is subdivided 
into 30 degrees ; and the fifth . con- 
tains the calendar of days and months. 
These two circles constitute a per- 
petual table by which the sun's place 
may be found for any given day. 
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ig. 

The 'horizon divides the globe into 
the upper and lower hemispheres ; in 
this sense it is called the rational 
horizon, in contradistinction to that 
circle which terminates the view, where 
the earth and sky seem to meet, and 
which is called the sensible horizon. 

A horizontal line is either real, and 
is parallel to the rational ; or imaginaiy, 
and is parallel to the sensible, horizon. 
A vertical line intersects the hori- 
zontal in such a manner as to fall 
directly upon it. 

21. 
The Meridian. 
The . principal points ofthemeri- 
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•dian are the north and south poles, 
at which the globe is fixed; the ze- 
nith, and the nadir^ which are also 
called the poles of the horizon ; the 
former being directly over the head 
,of the spectator, and the latter di- 
rectly under his feet, 

22. 
The meridian is divided into^ qua- 

« 

drants at the equator and the poles. 
On the upper side the d^rees are 
numbered from the equator to the 
poles, to shew the distance of any 
point from the equator ; on the un- 
der side they are numbered from 
the poles to the equator, for finding 
the distances of points from the 

B 
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poles^ or' for the more readily reo 
tifying the globe; 

The meridian divides the globe in- 
to the eastern and western hemis^ 
pheres^ and its • poles are the east and 
west points of the horizon. 

Meridians are 24 ' seftii-circles^ ter- 
minating in the pbles^ and cutting 
the equator at right angles, 'Every 
place is stipposed to have* its meri- 

« 

dian ; hence, if we move eastward or 
westward, we change our meridiaiu 

25. 
All places l3nng.; under the same 
semi-circle have the same meridian, 
and the semi-circle opposite .to it is 



t^. 
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called the lower meridian. All places 
which are under the same meridian 
have noon at the same time^ and con- 
sequently all other hours. 

26. 
The Equator. 
The most remarkable point on the 
equator is that^ at which it is cat by 
the meridian of London, which co- 
incides with one of the equinoctial 
parts^ at which it is divided into two 
points, each being 180°. These be- 
gin at the first meridian, and are 
numbered both ways round the globe, 
to shew how far a point is east or 
west from London. 

27. 
The equator is also divided into 24 

b2 ^ 
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equal parts^^. called hours, and they 
are subdivided iiito minutes ; and, as 
the quotient of 36o, divided by 24, 
is 1 5, an hour is equal to 1 5^, and a 
degree occupies the space of four 
minutes of time. 

28. 

The equator is every where go^ 
distant from each pole. It divides the 
globe into the northern and southern 
hemispheres, and its poles are the same 
as those of the world, 

29. 
The Ecliptic. 

The principal. points on the ecliptic 
are the equinoctial, at which it cuts 
the equator ; the one is at the begin- 
4iing of Aries^ the other at Libra ; 



and the solstitial^ which are the points 
-ef it at the greatest distance from the 
equator ; the one is at the beginning 
of Cancer, the other at Capricorn. * 

30. 
The ecliptic is divided into qua- 
drants at the equinoctial and solstitial 
points. It is also divided into twelve 
equal parts, called signs, each of 
which contains 30°. 

The twelve signs, and their charac- 
ters are as follows : 

Aries, r , 
The sun enters this sign on the 
20th of March, which is the vernal 
equinox. 

Taurus, a 
-Gemini, qt — , 
B 3 



38 GEOGRAPHICAL 

Cancer^ s 
The sun enters this sign on the 
21stofJune^ which is the summer 
« solstice. 

Leo, a 

Virgo, t. 

Libra, d^ 
The sun enters this sign on the 
. 23d of September, which is the au- 
tumnal equinox. 

Scorpio, in. 
Sagittarius, f 

Capricornus, Yf 
The sun enters this sign on the 
2 1 st of December, which is the win- 
ter solstice. 

Aquarius, )k: 

Pisces, K* 
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31. 
The .first six are called northern 
signs, because they possess that half 
of the ecliptic which is north from 
the equator ;' the > rest are called 
southern signs, as being south from 
the equator. Capricortius, Aquarius, 
Pisces, Aries, T^irus, and Gemini, 
are the ascending signs ; and Cancer^ 
Leo, Virgo, Libra, Scorpio, uid Sa- 
gittarius, the descending. 

32. 
iTie Equijioctial Colure. 
. The meridian which passes through 
the first of Aries and Libra is called 
the equinoctial colure. Its poles are 
the two points where the solstitial 
cojure cuts the equator. 



x 
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33 
' The Solstitial Colure. 
The miendiMi which passes through 
the first of Cancer and Capricorn is 
called the solstitial colure. Its poles 
are* the two points where the equi- 
hoetial colure cuts the equator, 

34. 
The most remarkable of the small 
cirdes are four, viz. 

The Tropic of Cancer, 
The Tropic of Capricorn, 
The Arctic Circle, and 
The Antarctic Circle ; which are 
all parallel to the equator. 

35. 
The Tropics. 
The tropic of cancer .touches the 
ecliptic at the beginning of cancer^ 
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which is the point of its greatest 
northern declination, or 23® 29' north 
from -the equaton The tropic of 
Capricorn touches the ecliptic in the 
first degree of that sign, which is the 
point of its. greatest southern decli- 
nation, or 23® 29' south from the 
equator. 

36. 
The Polar Circles. 
The polar circles are those which 
the poles of the ecliptic seem to de- 
scribe by the diurnal revolution of 
the earth ; they are therefore at the 
same distance from the poles as the 
tropics are from the equator. 

37. 
. The horary circle is fixed to the 
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northern part of the brass meridiaa, 
eo that the centre of the circle oo- 
incides with the north pole of the 
^lobe which carries the . index, i It is 
divided into twice twelve hours ; the 
4ipper XII answers to noon^ tbe 
lower to midnight. 

38. 
The quadrant of altitude is a flexi- 
ble slip of brass which can be applied 
to the surface of the globe for mea- 
suring distances. When screwed . to 
the vertical point of the meridian it 
shews the altitude of objects above 
the horizon, &c. It is divided into 

90'' and the. divisions go IS'' .below 
the horizon. 
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39. 

The latitude of a place is itb dis- 
tance north, or south from the equa-* 
tor, and is reckoned upon the two 
upper quadrants of the meridian.* 

40. 
Parallels of latitude are circles 
drawn parallel to the equator, at the 
distance of 10° from it on each side 
to the poles. 

41. 
The difference of latitude, betw^n 
two places, is the distance between 



• As the ancients knew more of the habitable 
world from east to west, than from north to south, 
they applied the term •* Longitudp" to the dis- 
tances of places lying in the former direction, an4 
" Latitude" to those lying in the latlet. 
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'the parallel^ of latitude that pass' 
through them^ reckoned on the me- 
ridian. 

Longitude is the distance of the 
meridian of any place from the first 
meridian, and is reckoned upon the 
equator, either east, or west from the 
first meridian,* 



* The first meridian is that ivhich passet 
through some temarkable place, from which longi- 
tude is estimated. The ancients reckoned east- 
ward from the meridian passing through the most 
western part ^of the then known world. About 
A. D. 140. Ptolemy first computed by longitude 
and latitude. His first meridian passed through 
the Canary Islands. In the year l634, Lewis XIII 
commanded the French to reckon from that which 
passes through the island Ferro. Now, in ge- 
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43. 

The difFerence of longitude of two 
places is the distance between the 
points in which the meridians passing 
through them cut the equator* 

44. 

All places between the equator and 

» 

the north pole are in north latitude ; 
and all places between the equator 
and the south pole are in south lati- 
tude ; hence, the greatest extent of 
latitude is QO^. 

45. 
In geography we are supposed to 

neral> each country makes its first meridian to pass 
through its capita), hence, on English globes, it 
passes through London, or more properly through 
Greenwich Observatory. 
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look towards the north ; hence, all 
places oh the right of the first nieri- 
diari are in east longitude : and all 
places on the left in west longitude. 
The greatest extent of longitude is 
180*. 

46. 
There is no latitude at the equator, 

r 

as both poles are in the horizon, and 
from it latitude is estimated; and 
there is no longitude at the first me- 
ridian, because there longitude be- 
gins ; hence, that point of the equa- 

* 

tor, through which the first meridian 
passes, has neither latitude nor longi- 
tude. 

PROBLEM I. 

To find the Latitude of a Place. 

Bring the place under the graduated 
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side of the brass meridian, and the 
degi:ee directly above it is its latitude. 
Thus the latitude of the Lizard is 49® 
5f north, and that of Lima 12° 
south. 

PROB. IL 

To find the Longitude oj a Place. 

Bring the place to the meridian, 
and that degree of the equator, rec- 
koned from the first meridian, which 
is bdow the graduated edge, is the 
longitude. Thus, the longitude of 
Falmouth is 5"* 5' west, and that of 
Constantinople 29^ east. 

PROB. m. 

The Latitvde and Longitude being 
given tojind the Place. 
Find the lobgitude oa the equator^ 

C2 
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and bring it to the meridian ; then, 
find the latitude on the meridian, and 
under it will be the place. Suppose 
the latitude 18° N. and the longitude 
76° 48' W. ; .the place is Kingston, 
Jamaica. 

PROB. IV. 

To find the difference of Latitude ie* 

tvoeen two Places. 

If they lie in the same hemisphere, 
bring each to the meridian,^ and ob- 
serve where they intersect it. Sub- 
tract the less from the greater, and 
the difierence will be that . required. 
Thus, the difference of latitude be- 
tween Kingston and St. Petersburg, 
is 41^56'. 

If they lie 0a different sides of thft 



INSTITUTES. tg 

equator, add the. two latitudes, and 
the sum will be the difference. Thus, 
the difference between London and 
Lima^ is 634^- 

PROB. V. 
To find the differ^ce of Longitude be-- 
tween tw0 Places^ 
Bring each of the places successive- 
ly to the meridian, and mark where 
they cut the equator ; the number of 
degrees between the marks will be 
the difference of longitude required. 
Thus, the difference of longitude be- 
tween the North Cape, 26® E., and 
the Lizard, 54^ W., is 314.°. 

PROB. VL 
To find the difference of Time between 

two Places. 
Bring one of the places to the me- 
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ridlan^ set the index of the horary 
circle^ to XII, then bring the other 
place to the meridian ; the number 
of hours between twelve; and. that to 
which the index now points, is the 
difference of time between the two 
places. Thus, the difference, in time, 
between Kome and Bombay^ is 4 
hours, 3 minutes. 

PROB. VII. 
The difference of Time between two 

Places being given, to find their 

Longitude^ 

Suppose it is 2 o' clock, P. M. at 
London, it will be 124- P. M. at 
Kamschatka; the difference being 
lOj. hours. Fifteen degrees upon the 
equator correspond to one hour in 
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time ; therefore 1 24- hours are equal 
to 157^^, the difference of longitude 
between the two places. 

PROB. vm. 

Tojind the distance between two Places, 
If they lie under the same meridian, 
bring them to the graduated side of 
the brass meridian, and mark the 
numberof degrees intercepted between 
them ; which, if multiplied by 60, 
will give the distance in geographical ; 
and, if multiplied b}^ 694., will give it 
in English miles. 

If they lie under the equator, bring 
them successively to the meridian, and 
mark their difference in longitude. 
Butj if they lie neither under the same 
meridian^ nor under the equator, lay 
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the quadrant of altitude over them, 

so that the beginning of the degrees 

♦ 

be at one of them, and it will she^ 
their distance.* To reduce the dis* 
tance to geographical or English miles, 
multiply as before. 

47. 
The earth, in consequence of it» 
great distance from the heavens, is so 
small, that the sensible and rational 
horizons are made to coincide without 
any sensible error. 

48. 

« 

Every place has its own proper ho- 
rizon ; but the wooden horizon repre- 
sents that of any place, when it is 
brought to the zenith ; then its situ- 
ation> in respect of the wooden hori- 
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zon, is similar to that which the place 
on the earth has ; that • is, the place 
is equally distant from every part of 
the horizon. This is called rectifying 
the globe. 

PROB. IX. 

To rectify the Globe for any Place. 

Find the latitude, reckon as many 
degrees from the nearest pole on the 
lower side of the meridian, and bring 
that degree to the horizon ; then 
reckon the same number of degrees 
as the latitude from the equator to- 
wards the elevated pole, and that point 
will be in the zenith. 

PROJ3. X. 
To find how any place lUs from you. 

Rectify the globe for the place^ and 
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fix the quadrant of altitude directly 
above it, then bring the quadrant 
through the other place to the horizon, 
and it will show the point towards 
which the place is situated. Thus^ 
Rome lies S £.; and Pondicherry, in 
the East Indies^ due E. from London. 

49. 

The celestial bodies are seen to 
come above the horizon on the e^st^ 
and to set in the west ; so that they 
seem to go round the earth in 24 
hours* 

50 

At the vernal equinox the sun rises 
due east^ goes westward above the 
equator^ and sets due west: next ^ 
day he rises a little northwsrd of 
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the east^ goes along a line parallel to 
the equator^ and sets a little northward 
of the weist^ and thus continues to 
advance northward a little every day, 
until the summer solstice, when he 
goes along the tropic of Cancer, He 
then advances southward, a little every 

m 

day, until this autumnal equinox, when 
he goes along the equator. After 
which he crosses the equator, and 
advances gradually southward until 
the winter solstice, when he^ goes 
along the southern tropic ; he then 
returns northward, and arrives at the 
equator on the 20th of March. 

51. 
As the equator is divided into equal 
parts by the horizon, the sun when 
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in the equator, will be twelve hoiiis 
above, and twelves below the horizon ; 
hence, the day^and 4Ughts are then 
equal. 

When the globe is rectified for any 
place in N. L. every parallel on the 
north side of the €K]uator will be divid- 
ed into two unequal parts^ of which 
the greater is above the horizon ; 
hence, when the sun is in the jowtfaern 
signs, the days are longer than the 
nights ; and, when in the southern, 
the nights are longer than the days* 
It is also evident that he continues 
longest above the horizon, when at 
the tropic of Cancer ; and longest be- 
low, when at the tropic of Capricprn. 
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When the globe is rectified fot any 
place -in S. h* every par^Iel on the 
soQth side of the equator will be di- 
vided into two tinequal parts ; and . 
when the sun is in the southern signs 
the days are longer than the nights^ 
and shorter when he is in the north- 
crn. The longest day happens when 
be is at the tropic of Capricorn, and 
the sboftest when he is at the tropic 
of Cancer. 

54. 
It is noon when the sun is either 
vertiod, or directly south, or north, 
from any jdace ;Hfierefoi»e a place 
lying to the eastward will, have the- 
sun in the meridian sooner than a 
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l4itf^enk>re weat^lj^^^^ aiai^artti^ W' 

at London^ it wiD be 1 P. M. zt ft 
placei 5^ eastward of it^ and HA^ Ms 



16 weatwaid of it^ 



a 
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FROB. XI. 

^inif90%0ha4i)l^€kck it ism antj^parsi 
^ the ^orld M ^amf Ume. 
BHng the plaee wbew yaa«f are4Mi 
tbe-m^dian^ »t the itid«^ t|i9 lio^ 
mty ai^e<ta tlife fffvck twei^ i^ribiuifi 
the globe till the other plaoe «Qmc49 
themeriftkn ; the uidex will idiew the 
hour. ' ^Thu8,'if k be ZJB, M..«l 
London, it will be h. 22 m. P. ^. 
at Madras J aiid i^« ^ iOw A. M* 
at JTamafca; 

The globe is <fivi4ed into five zones 



-^ tomd, tiii:^ tsmjierst^ and' twor 
i%id Bonesl The torrid kme li» 
betweeii the . tropics, md ^irtetulEi 
D^rly 234? on each side ef ^e^^aqoft^ 
tor. The ndrtheift temperate zone 
^ ttctt^btftweto the itopiQ oC eaaea^ and 
tite arciiecimir; the'SMt1»Bif|v<>etiip#i^ 
ittte eone liea^ fael^eeil' thd ito{hi} e4 
o^meom^asd^theitfttavctiocipele^eaeh^ 
aSurY^ek WasP broads The^ierthem 
fitgkt 20iie-lies t^tbki th6 aretie^ and^ 
the southern mt^iin the antajiPetkr ^^^ 
Be, each of which* iid 47^ broad. 

The equator passea throiigh^ tile 
jsouthem part of the isle of 8t, Tbo^ 
saas^ £r£tiiopia^ iJM ImKan Qctsa^, 



the F^ific C>cetili/ Qoito, t\fe noi^ 
tbern extremity of Pfehi^ the northeFa 
mouth of the Amazon^ Kod the At^ 
lantic Ocesm. ' *^ 

In the torrid aohe lie a great part 
of Afriie^^ Arabia WeWx, great jpait of 
Madagascar^ the Arubian -Sea^ {mrt of 
India^ the isles af-^btJuAkn Seai'tht 
^ndwich Islands, Pertt, J^^l^ J^ 
maica, great' part of tfa^ Jtiihntx: 

Ocean^ St, Helena, ^ro-- - - -' 

56. 

The tropic of caneerpMse^thfOcigh 
tfa^ great BBnAy Deceit of iAfrieay?the 
ittkiAe of -l^ybUi, !«h^ Red Sea. heyddd 
Mount. Swa\, Ihe miMtf j6£ Arab&u 



'J. 



asters, the Arabian Set, goes tlurougk 

C»t«» «4.i«tiin» thTQvg^ tbfii At? 
Iw^.^ ^f( west;^ ttipre of Afiic^ 

The trojMc of o^rioom passes over 
HfC aofttlih E§ci% Pce»n, Peiaji» tbf 

In Uie aovth t«BBperat»,«onc tie a(] 
Earope, almost #.A«if)» freat part o| 

1»3 






In the "smith temperate «ne Kc 
part of Africa, the CapC'of Good 
Hope, Straits of MageHan, tife sou- 
thern parts of S. America, slid great 
part of the Atlantic, Indiaii, and Pa- 
cific Oceans. 

The arctic circle passes through the 
northern partfe t)f Icdand, Swedwh, 
knd Russian Lapknd, giteat part of 
Russia, Berring*s 'Strait, Mackenzie* 
River, where it is 300 yards \rtde, and 
300 feet deep^ ^Davis's Strait, and 
Greenland. ' -'^ ^ ^ 

'' fn tbe'N. frigid zWfe lie Aeriorth- 
€nfi parts of Icdatid^S^JIikrgi^n> Nor- 



wegian, Swedish*, und Russian Lap* 

fiaAn's Bay. ; 

7 he squth^n ^gid ^sonOi accoid* 

ing to the .late^ di^OKeQ^s^ ^ej^hibiU 

> 

ttothix^. botiilimiii^riihie igbuids ajt^ 
fields of ice. .._ ., .. i..., 

. The.fim is .Vatltpg^i Jiwjq^ iajthc 
year at eveqj 0aee yitliip th^e. tropjqs, 
once when he is fping northward, and 
again, ^whirn he : returns i^av^d^jthe 
equafioc. He k vertical at %h& <^quf- 
fair Qft the 2Qih,Q{pf^Qh, md the 
23d of September. H^t ju9 vertioal 
once in the year .at the tropics^ viz. 
:at the tropic-of career our the 21 st of 
Jm^M 9g4- f t t^e Ux^iQ lof Capricorn 
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Oft the 2lst of December. Mfe' iir 
never vertical at any place ^Nrithotil 
the tropics. 

For some ^ys^ irithin the pc^ 

eircles^ the sun neRher lises^ lior set&i 
and the more are those days, the 
aearer the place is to the poles ; so 
that at the pole he sets not for haif » 
^ear, and rises not aH that time. 
' * ' ' ■ '68. 
' The sun*s declination is his £stmce 
from the eqtiatof, nbrth, or'son^, 
redLoned on the meridian « At tht 
equinoxes he has no decHiiation ; and 
at thg solstices 1i)s dedination^s 2di\ 

The aoalleinma is a sca!^ iprhidi 



fOfttpins the .yiear divided into m^tj|;;ia 
%9d d^s, and by which the sun's de* 
clination may be determine^. Thus 
to find the sun's , j^eclination for the 
19th of October^ bri^g the meri^n 
ess^tly over the analemma, ^nd thg 

♦ 

doclioation will be fbupd to be 10* 
With, • ., . _ 

, 68. 

The sun's declination is e^ual to 
the latitude, either soutb, or north/ 
Jby^a^^ when l\e is verttc^ at a fisjpe, 
]^ is as far j(irQn^ , the equator as the 
place is. 

About -tl*e,;jtinip..Qfth<j solstic^. 
the days increase and decrease verf 



^ isikisTfy paralM fb the itflitei^ i 
hence^ ibr some days bei^e nid^^ aite^ 
the 8olstiee9 (fHe ehange in the 9un*0 
<iecIinatioft w y^ smatl. Abotit the 
fmie ^ f^ 6q^!iiRO|Le8 &e di^i^ in- 
(ftvaseand dfecrease'Terjr&ia^ becai30tf 
tb^ tiiigle inn^hy ihbtcVp6b yfiOf 
the equator is ^eatest ; hencd> the' 
(jiahge in the sun^ declination is then 
greatest. j 

' PROB. XII- ' " 

>' I/)ek fei* jAe day o«f the mcfttt^ 
Ibe horizon^ and opposite to-^hidlj, 
in the cirele of sigfts^ will be found 
the sttii'i^ phoe in the e^iptit. ThisL% 
on the ^Ist ctf June, he is in the firsif 
^tej^re^ <tf career; ^Mionihe mtt 



PROB^Xm. 

.Kiid <the wo*^ plae^ ^ the od^ljc) 
£>r the given iUf^ tenig it to the 

it 19 the declinplMo, ihsnis on the 5tli 

PROB.XIV. 
Tejindat wkat pta^t the mn is ver^ 

3«#g tbe.f)}aoe iQ tb^nieridybn^ set 
tbe wieJ^^t)ielK>mrycirde toXII,9iiA 
%id tt»e l«iitu4ei then turn ^ gj0be^ 
bM <tt)se;Ye i^ 'fign imA degit^ o£ 
Uie ^pUQ vbieb cornea to tlie tneii* 
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horizon, and the dfty of tlie tnoiitli 
will be opposite ; then bring the place 
where you are to the meridian^ abd 
the index will shew the time when 
the sun is vertical at the ^ven place. 

PROS. XV. 
To^nd where the sun is verticai at any 

given time. 
Having found the sun's declination, 
bring the. place for which the hour ig 
given to the meridian^ and set the 
index to the given hour; turn the 
globe till the index point 'to the upper 
XII^ and the place under the sun^d 
declination on the meridian has the 
sun at that hour in its zenith. Thus, 
if it be asked at Truro where the sun 
is vertical on the 8th of August at 



INSTITUTES. 4^ 

four P. M. It will be found to be"at 
St. Craz, or at St: Christopher. 

70. 
The solar rays extend QO^ every 
way; hence, at the equinoxes both poles 
are enlightened. Wjien the sun is 
20° north from the equator, his light 
goes 20° beyond the north, and does 
not reach the south pole, and, as he 
appears to go round the earth m that 
parallel, he will not set at those place's 
which are within. 20° of the north, 
and will not shine at those within 20° 
of the south pole. 

71. 
The limits of the places round the 
poles, where the sun never sets at one 
time, and never rises at another, are 

• * 

E 
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. at the same distance that the sun. is 
from the equator ; and, when he be- 
gins to shine constantly at a place, his 
declination is equal to the distance of 
tne place from the pole, and on the 
same side of the equator ; and when 
it is continually dark his declination 
is equal to the distance of the place 
from die pole, but on the other sidfc 
of the equator. 

72. 
The sun rises at the north pole on 
the 20th of March, and does not set 
until the 23d of September, upon 
which day he rises at the south pole, 
where he shines continually until the 
20th of March ; hence, the poles 
have half a year of day, and hrff a year 
of darkness. 
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PROB. XVI. 

To find when the sun begins to shine 
continually at a place, from the 
vernal to the autumnal equinox^ 
Bring the place to the meridisfti 
below the pole ; mark the degree 
above it ; reckon the same number 
* of degrees from the equator towards 
that pole ; turn the ^lobe till the side 
of the ecliptic, in which the suo, is 
when advancing towards that pole, 
jcomes below the degree reckoned to, 
and the point below it is the sun's 
place ; opposite to which, on the ho- 
rizon, will be found the time when 
the sun begins to shine continually. 
Bring the other side of the ecliptic 
m which the sun is, when receding 

X 2 
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from the pole, below the degree on 
he meridian, aj;id it will shew when 
•ontinual day-light ends. Thus^^ the 
J^orth Cape will be found to be 1 Q* 
from the pole ; theref©re, reckon 19* 
N. declination, bring the first quarter 

T 

xmd^r it, and continual day-light will 
be found to begin on the 15 th of 
May : bring the second quarter below 
it, and continual day-light will be 
found to end on the 28th of July. 
After this, for some months, the sun 
rises and sets every 24 hours. 

To find when continual darkness 
begins ; — Reckon the degrees on the 
other side of the equator, and bring 
the side of the ecliptic, which recedes 
from the pole, below the degree rec- 
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koned to: then bring ttie side^ in 
which the sun advances, below the 
same degree, and it Xyill shew when 
corftinual darkness ends. Thus, find 
19® S. declination ; bring the third 
quarter of the ecliptic below it, and 
continual ilarkness will be found to 
begin on the 17 th of November : if 
tiie fourth quarter be brought beloW, 
continual darkness will be found to 
end on the 25th of January, after 
which the sun rises and sets, for a 
considerable time, every 24 hours. 

73. 

An afch of the horizon, intercepted 
between the east and west points, and 
that point at which he sets, is called 
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the sun\ amplitude ; and it increases 
with the latitude of the place. 

. PROB. XVII. . 
Txk^rtd the time of the sun^s rising and 
setting, to any amplitude not exceed-- 
tng 66-y°, -■ * 

Rectify the globe for the given 
place; find the sun's place in the 
ecliptic^ and bring it to tb^ meridian ; 
set the index a of the horary circle to 
XII ; then bring the sun's place to 
the east side of the hori^on^ and the 
index will shew the , time oiL ^ mm^ 
rising ; bring his place to the west 
side^ and the index will shew the time 
of his setting. 

Double the hour of sun-selking^ 
and it will give the length of the day; 
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and the hour of his rising, and it will 
give the^4ength of the niglit. Thus, 
on the 1 St of May, at London, the 
sun rises 40 minutes past 4, and sets 
20 m, past 7 ; .therefore, the length 
of that day is -14 h. 40 m. and the 

« 

remainder, the length of the night. 

PROB. XVIII, 
To Jlnd on' what point of the horizon 

dhe sun rises. 
Rectify the globe^ bring the sun's 
place,. /or the given diy, to the east 
side c^ the horizon, and opposite to 
it will be found the distance of the 
poiat, at which he rises, from the east, 
and Ukewise the point of the compass. 
ThiJi, on the 18th of July, the sun 
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ri^es at Fadmouth 3^4-® from the east, 
towards the north, or N. JS. by E. 

.74. /; 

The sun's azimuth is his distance 
from the north, or south ppints ;' and 
his altitude is his height above the 
horizon. - To rectify the globe for 
the zenith is to fix the quadrant of 
altitude to the given latitude on the 
meridian, reckoned fij«m the equator. 

PROS. XIX. 
To find the surCs Azirmuh and Altitude. 

Rectify the globe^ bring the sun's 
place to the meridian, and set the in- 
dex to XII, turn the globe till the 
index point to the giveit hour. Rec- 
tify the globe for the zenith^ . briuog 
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* 

the quadrant over the sun*s place to 
the horizon, and number the degrees 
on the horizon between it and the S« 
or N. points. Thus, on the 7th of 
August at 8 o* clock A. M. at Lon- 
don, the sun is 76^^ from the S. to- 
wards the E., which is his azimuth. 

To find his altitude,— Reckon the 
degrees on the quadrant between the 

horizon and ^ sun's place, in the 

-J 
ecliptic, and the degree of the qua- 
drant cut by the sun*s place is the al- 
titude required; thus, that on the 
above given day is 314 

75. 
TwiKght begins and ends when the 
suff is depressed 18° in the .perpendi- 
cular below the horizon ; if the sun'« 



o 
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place, when the globe is rectified, 
does not come 1 8^ below the horizon, 
there is no twilight at the given 
place. 

If the Uiitude be above 48** the 
sun's place will not rise 18* above the 
horizon for several nights about the" 
Bummer aolstic^, and then there is no 
totaj darkness at that place. 

In higher latitudes the twilight ift 
of longer duration, till in^ latitude 66^ 
there tti no twilight, but cdntiriua! 
day ; as there the sun, when lowest, 
touches the edge of the horizon. 

PROB. XX. 
Tojtnd when twilight begins. 

Rectify the globe, bring the sun*« 
place to the meridian^ and set the in- 
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dcx to XII ; fix the quadrant of alti- 
tude at the ktitude of the given place; 
then find the point of the ecliptic 
directly opposite to the sun's place^ 
and turn the globe till it be 18° above 
^ the west side of the horizon, so will 
his place be 18° below the east side^ 
and the index will shew when twilight 
begins, 

^ 76. . 
The earth performs its diurnal re- 
voh^tion, from west to-^ast, in about 
34 hours ; which produces the day 
and night, and makes all the heavenly 
bodies to have an apparent motion, 
feom ^cast to west, round the earth, in 
the same time. 
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77. 

The earth performs its annual re- 
volution round the sun in a year, 
from^ wait to east, in the ecliptic ; 
this motion produces the . difference 
in the length of the days and nights, 
and the regular succession of the 
seasons^ 

The ecliptic is an astronomical cir- 
cle, and peculiar tp the c'elestial globe; 
It divides the heavens into the nor*^ 
thern and southern hemispheres : it 
has the sun in its centre, and the earth 
goes round its circumference. It is 
exhibited upon the terrestrial globe 
that problems relating to the sun may 
be solved on it. 
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The axis of the earth fotms with 
the plane of the ecliptic an angle of 
664.® : and the plane of th^ equator 
makes with the plane of the ecliptic 
an angle of 234^^. 



o 

> 

80; 



In consequence of the annual re- 
volution of the earth, if a star rise or 
.set with the sun, it will, in a short 
time, rise or setbefore him ; because, 
his apparent place in the heavens will 
he removed east from the star ; hence, 
{Stars, wl^^^ ^ ^n^ season, set with 
Ifce ^un, at other times, rise when h^ 
^sets-aad shine until the morning. 

81. 

The earib, when on one side of the 
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ecliptic, is 190 millions of miles dis- 
tant from the opposite part, but, as it 
is about 95 millions of miles distant 
from the sun, the fixed stars do not 
appear nearer at one time^ than at 
another ; hence, the poles of the 
earth are always considered as point- 
ing towards the same stars. 

82. 
The earth, at the summer solstice 
is on the south side of the sun. The 
north pole points to a star 66^^ above 
him, and the tropic of Cancer is oppoi^ 
site to him ; hence, the days on the 
north side are longer than those on 
the south side of the equator ; also, 
the whole northern frigid zone is en- 
lightened, and the solar rays do not 
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reach any part of the southern polar 
circle. 

At the winter solstice the earth is 
north from the sun ; the south pole 
is directed to a point 66^^ below him^^ 
and the tropic of Capricorn is directly 
opposite to him ; hence, the days, on 
the south side, are longer than those 
on the north side, of the equator : 
also the whole southern frigid zone is 
enlightened, and the northern is in 
darkness. 

84. 

At the equinoxes the equator is 

<^posite to the sun, and the poles 

equally distant from him ; heoce, the 

days and nights are equal at every place 

F 2 
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pn the glqbe. At; other times thp 
poles are ijAclined to the ^un,- and the 
^ifFer^Qce in the length of the days is 
ixi pro5H)|'tipn,to the^dificreace of that 

65. • , ?. 
: Left the. globe be rectified for the 
dn.m*s .declination, and^ the. horizo/i 
will represent that , circle which sepa- * 
rates the enlightened hemisphere from 
that wUch is in darkness^ 

PROB. XXI^ 

Ta find those places at .which,, the. sun 

is riskhg or setting, and' those at 

U;hich lit is Tfoon or midnight. 

Rectify the globe for the sun's 

dcciinatipo, bring the place given to 

the meridian^ |)i)afie the index at the 
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given hour, and turn the globe till it 
point to XII. To all those places 
under ^the u{)per halt of the meridian 
it is noon ; to those at the lower, it 
is midnight. The sun is risinig at all 
the places in the western half, and 
setting at those in the eastern half, of 
the horizon; all the places in the 
upper hemisphere have day, and those 
in the lower have nighty 

86. 
A natural year consists of 365 days, 
5 hours, 49 minutes ; the sun in his 
apparent annual motion describes an 
ellipsis whose focus is out of its cen- 
tre : the time in which he passes 
through the northern signs is longer 
than that in which he passes through 

ir3 < - 
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the southern ; consequently, he is in ' 
the former while the earth describes -^^ 
the greatest part of its orbit. 

87. 

>The Mn is about 187 ^^y^ ^n pas&r ^ 
ing from the first degree of Aries to 
the first degree of Libra, and about 
179 in {massing from the first of Libra 
to Aries ; therefore our summer is 
longer than our winter ; and, if the 
north pole be brought to the zenith, 
it will appear that the enlightened 
part of the year, there, exceeds the 
darkened about eight days. 

88. 

The difference between the length 
of the dftys and nights, near the equa- 
tor, is inconsida'able 'y at the tropic of 
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Csncier tibere are two hours dtflSn-ence, 
and all place^in the aamepeu-aUel have * 
their days equal ; hence, thp<tififcreaMi . 
l>etween the longest and shortest day$ 
is ia ^oportion tQ ti»e dii^Qoeiroia 
ttie equator. 

A climate ia the space included be- \ 
tween tw^o pamUel& of latitude^ and 
is so constituted^ that the length of 
the lotigest day^ in one, eda:eed that ,. 
of the longest day in the othery by 
half an hour. 

Climates, as known to the ancients, 
do not exhaue^ ibe surface of the 
glob^, but are^terminated by thfrpolar 
•irdes; becdu9e between the polar 
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circles and the poles the length of the 
longest day^ in one parallel, exceeds 
that of the longest in the next, by a 
month. 

91. 
There are 24 plimates between the 
equator and each g£ the polar circles. 
In the end of the first the length of 
the day is 1 2^ hours long ; that of the 
second, thirteen hours, &c. each in- 
creasing .^half an hour, to latitude 

PROB, XXII. 

To find the Climates. 

Rectify the globe for any parallel 

of latitude, and find the length of the 

longest day in a given place; then 

devate the globe till the length of the 
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longest day in the next parallel exceed 
that of the longest day in the former 
by half an hour ; all «the space^ iiw 
eluded between the two parallels^ con-' 
stitutes a climate. 

92. 

The inhabitants of iht earth are 

distinguished by the situation of their 
shadows at nooii into Amphiscit, He* 
teroscii, and Periscii. The' Amphiscii 
live in the torrid zone ; their sha^ 
dows» at no<»n» are one part of the 
year soixth, and another part^ north 
of them Y and, as they have, twice in 
the year/ the sun in the zenith when 
they have no shadow at noon, th£y 

• ■ « ' 

are also called Ascii. - 
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them the same pbenomenay and their 
seasqus are tb4 same ; but i^ their , 
hours are opposite, for «when it is 

i 

midday with the ope^ it is - midnight 
iivith the other* 

The Antipodes are diametrically 
opposite, i. e. they live in places which, 
differ 180^, or 12 hours in longitude ; 
the one has nort^, and the other as 
much south latitude; hence, the 
heavenly bodies ri-se to the one when 
they^aet to the other; the day '.of the 
one is the night of the otl^er ; whm^ 
the one.has the longest, the other has 
the shortest day: and, when it is 
midsummer to the one, it is nnd-win^ 
ter to the other. 
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PROB. XXIII. 

ji place being given to Jind its Antceei^ 

Periceciy and Antipodes. 

Find ^be latitude of the: place^ 

bring it to the meridian, and- the 

antoeci will be found in- the ;same 

ft 

latitude on the other . side of the 
equator. Set^the index to the upper 
XII^ and turn' the iglobe till it come 
to the lower . XII ; the place under 
the meridian, in the same latitude, 
with the given place, is the periceci. 
In this ; position the antipodes are 
under the iame poifit of; the meridian 
where the antoetii were before. 

99- 
The solar is nearly, sfx hours more 
than the civil year : if the earth begin 
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its reyolutkm at ^Q.pona^eneeiifientof 
ouryear^it will be nearly sixhoursloqgu: 
in finisbingit; andinfour revolutions it 
will be nearly a day Ipng^ than four 
years ; these bours^ thus accumulated^ 
are added to the end of.. February 
ei^ry fourth year^ which is . called 
bissextile^ or leap-year, .. . ' 

By the addition, of these four 
times six hours, leap-year is eleven 
minutes too long ; and these minutct|^ 
iil^ somewhat more than 130 years, 
make a day: in 1800 years they will 
amount to eleven days^; and tbese^ 
in England^ were taken from Sep- 
tember, A. D. 175!^{ hence, the 
beginning of the present year, old 
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dtyle^ is 12 days later than it is^ ne^ 
style. 

* 101. 

If the year he not an exact century, 
divide it fay four ; if nothing remain, 
it is leap-year; if there be a re 
maindcr, it denotes the number since 
last leap-year. Iff the year be an 
exact century, cut off the two cy- 
phers, and divide by four j if there 
'be no remainder k is leap-year ; if 
there be a remainder, annex two cy- 
phers, and it will shew the number 
of years since last century leap-yean 

102. 

The moon is about 240,000 miles 
distant from the earth ; she completes 
a revolution in 294^ days, and^ being 

G 2 
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an opaque body, shines by r6flectihg 
the solar light : the plane of her orbit, : 
extended, cuts the ecliptic in two 
opposite points, \vhich are caflfed her 
nodes, atid her greatest distance froih 
the ecliptic is about five degrees. 

103. 
When in eithei* of her nodes the 
moon is in the ecliptic; at other times, 
she is in north or south latitude. . She 
is invisible when on the same side o£ 
the earth with the sun ; when oti the 
opposite, she is full;' and, when at the 
same distance from the sun with the . 
earth, she is called . quarter moon : 
between the new moon and the quar- 
ters, her convex side is towards the 
sunj and^ between full ^nd quarter. 
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mooi^sbe appears like a circle deficientv 
oa one side. 

104. 
. The moon always presents nearly 
the same side to the earth ; because, 

» » - . . . ! 

she performs her revolution rouiid 
her aids in the same time that she 
moves round the earth. The fqrmer 
motion is equable and uniform ; the 
latter, unequal and irregular. 

105. 
An eclipse of the sun is caused by 
the interposition of the moon, be- 
tween him and the earth : and qan 
only hajppen at new moon, and when \ 
she is in, or near, one of her nodes, 
i. e. in^ or near, the plane of the ecliptip : 

o3 






thenr faer s&adovr wiil intercel^t part< ief 
:^e solar light. i : i 

ic Aa eclipse of the mooti iscsaased 
b^ her cfeUitig into ttic isktdow of the 
earth; and thiscin only happen when 
she is full. 'As the* sun atid the earth 
^*are,ahvays in the plane of the ecliptfc, 
^lunar eclipses only happen when the 
moon is in, or near, the ecliptic. 

107. 
- The plane of the moon*s orbit is in- 
clined to • that of the earth ; conse* 
quently/when in conjunction or op- 
.^osition^ the moon is sometime^ 
above^ and sometimes bdow^the eclip- 
iio } bcince^ eclipses do not happen at 
every dcw and full moosi. I£ she be 
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alxM!!e 1 3"^ firom tbe node^there <iafin6t 
be a lunar eclipse ; and> if she be 
above 1 7^ fixjm the node, her shadow 
mpHI fall northward, 6r southward of 
4he earth, alui ihc^e will be no «dipae 
jof the sun. , 

,; . PROB, XXIV. . 

, Th^ day and^ hour being given^ to find 

- all those places where. a lunar eclipse 

will be visible* , : 

Find the place to which the sun 

is vertical at the given hour, rectify 

the globe to that place^and bring it to 

the upper part of the meridian : ,at 

: whatever place the sun is then vertical, 

the mopn must be vertical to its an- 

. tipodes; and, as the sun will beviaiUe 

to every place above the horizon, the 
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* - « « 

moon will be visible to all those be- 
low, at the time of her ^eatest ob^ 
acuration. 

108- 

As eclipses of the moon frequently, 
continue a long time, they may b§ 
seen in more than one hemisphere 5 
because, by the earth*s diurnal motion, 
she will rise in several places after th? 
eclipse has begun. 
) .■ ' ■ 109- ^ 

As the moon is much smaller than 
ihe earth, and as her shadow is coni- 
cal, because she is less than the sun, 
a small part of the earth can only be 
obscured during a solar eclipse : her 
shadow passes over the earth at the 
j^^e qf ^000 miles per hour } hence. 
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solar* eclipses afe very local and of 
short duration. ' 

110. 
As the moon completes her revo- 
lution round the earth in 2g^ days, 
there will be 12 moons and 11 d^ys. 
in a year ; therefore^ if it be new moon 
on the first of January in any year^ 
she will be 1 1 days old on the 1st of 
January next year, 22 days old the 
year after, &c, all which variations 
will be finished in* nineteen yters, . 
when she will again dtiange on th* 
1 St of January . ' ^^ 

This revolution of nineteen ycare 
is called the moorCs cycle, or the gol^ 
den number. The first year of tkh 






82 GEOGRAPHI-CAt 

christian aera was the second of this 
cycle ; hence, if to the current year 
we add one, and divide the sum by 
19, the remainder will be the golden 
number : if nothing remain, ig is the 
golden number. 

112. 

The moon's age, on the 1 st of Janu- 
ary, is called the epact : to find which, 
multiply the golden number by 11, 
and the product, if less than SO, is the 
epact ; if greater, divide it by 30, and 
the remainder is the epact. 

« 113. * 

To the number of months from 
March inclusively add the epact of a 
given year, if the sum be less than 30, 
subtract if from 39 ; if greater, sub- 
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tract if from 60^ ^nd the ^remainder 
will be the day of the month on which 
the new moon falls. 

114. 
If the moon change on the 1st of 
January, in common yedrs, she will 
be 14- day old on the Ist of. February, 
will change on the 1 st of March, and 
will be 14- day old on the 1st of April, 
two days on the 1 st of May, &c. which 
is found by continually adding the 
excess of the month above ig\ days, 
which are called the numbers for the 
months ^ hence, to find the mooris 
agCy add the epact, the number for 

» 

the month, and the day of the month, 
and rgect the complete moons in the 
amount. 



Ik 
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115. 

The moon performs a revolution 
about the earthy from any one point 
in the zodiac to the same^ in VJ days^ 
7 hours^ 43 minutes, which is a perio- 
' dical month : a synodical month is 
the time in which she passes from one 
• conjunction to another, viz. 1^dKy^\ 
hence, a «ynodical is about 2 days 5 h« 
longer than a periodical month. 

116. 

While the moon is passing fit)m one 
conjunction to another, the sun, in 
consequence of the earth's annual 
motion in its orbit, will be apparently 
advanced towards the east, so that 
when the moon comes round to that 
part of the heavens where the sun was 
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at the former* conjunction, iSt will not 
h^ then in conjunction, but will liave 
such a portion to describe as, when 
ad<ied to ttie periodical month, will 
make it 2g days, 12 hdurs, 44 minutes. 

Hie moon moves at the rate of 
nearly 1 3^ every day : the sun does not 
go quite 1° ; therefore!, the moon will 
leave the sun nearly 12^ every day ; 
and as, at the change, the moon is in 
the same point of the elliptic with the 
sun, the moon's place may be founcf, 
by first finding the sun's place, and 
then by counting 12° forward for 
every day of her age. 

H 



85 GEOGRAPHICAL ^ 

PROB. XXV. 
• Tojind the time when the Moon rises. 
Rectify the globe, bring the sun's 
place to the meridian, and set the in- 
dex to XII ; then find the moon*s 
place in the ecliptic, and bring it to 
. the east side of the horizon ; the in- 
dex will shew the time of her rising : 
bring her place to the meridian, arid 
the index will shew the time of her 
southing. 

118. 
To find the time of the moon's 
southing : — when she is 12° east of 
the sun, or one day old, she' is 12* 
east of the meridian when the sun is 
on it : by the diurnal revolution of 
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the earth she moves 12^ in 49 mi- 
nutes ; hence, she will be that time 
later in coming to the meridian on 
any day, than she was on the preced- 
ing. Multiply her age by 49, and 
divide the product by 60, which will 
give the hour and minute "when she 
comes to the meridian, afternoon. 

About the autumnal equinox, when 
at, or near the full, the moon rises 
almost at the same hour, for several 
nights : this phaenomenon is called the 
harvest moon. 

PROB. XXVI. 

To account for the Harvest Moon. 

At the autumnal equinox the sun is 
io the 1^ of Libra ; the point oppo- 
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site IS the 1^ of Aries, which is the 
moon's place, she being then full ; 
and, as both are in the equator, she 
will rise when the sun sets, which is 
at 6 o'clock. A& the moon advances 
12^ every day, next night she will be 
in the 1 2"^ of Aries. Rectify the globe 
for the latitude, bring the sun's place, 
which is now the 2° of Libra, to the 
meridian, and set the index to XII : 
turn the globe till the moon*s place, 
viz. the 1 2° of Aries, cut the eastern 
side of the horizon, and the index will 
be found to point nearly to 6 o'clock, 
at which the moon rose on the pre- 
ceding night. 

In the same mannet it may be 
shewn that, for several nights, before 
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and after the fall, she rises neariy at 
the S^the titne. 

At the Autumnal equinox, the 
mbon, being in the ascending signs, 
appar^itly, in her nocturnal course, 
describes a parallel t>f the equator one 
Aight much nearer the north pole than 
another, and in a fortnight, When she 
appears above the horizon, she passes 
from the southern to the northern 
£f bpic : dtid, as the heavenly bodies 
toin6 saotitt above the horizon the 
nearer it is to the north pole, in evefy 
lunatioh, while the moon is passing 
frorft the ttopit of Capricorn to that 
of Cancer, some minutes are to be 
dcdcrcted from those by which she 

h3 



§e GEOGRAPHICAL 

would rise later each night, if the 
plane of her orbit were to coincide 
with that of the equinoctial ; and as 
much is to be added while she passes 
from the tropic of Cancer to that of 
Capricorn : likewise, something must 
be added, in the iformer case, to the 
time at which she would set ; and, in 
the -latter, a like quantity must be 
deducted. 

131. 
The sun, al)out the autumnal equi- 
nox, is in, or near Libra, and the 
moon, when full, in the ascending 
signs; hence, full moons, at that 
time, rise very little later the one than 
the other : in spring the newmoons, 
for several successive nights, rise near- 
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\y at the same time, while there is a 
greater difftu'ence between the rising 
of the full moons than at any other 
time ; because, in spring the moon, 
when new, i» in the ascending, and, 
when full, in the descending signs. 

122. 
As the axis of the^ earth is perpen- 
dicular to the plane of the equator, 
and as its diurnal revolution is equa- 
ble, equal portions of the equinoctial 
appear to pass the meridian in equal 
divisions of time ; but, as the eclip- 
tic is oblique both to the plane of the 
equator and the axis of the world, the 
sun cannot revolve from one meridian 
to the same again in 24 equal hours ; 
but he will sometimes be sooner, and 
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later at others, because equal portiohf 
of the ecliptic pass the meridian in 
unequal parts of time. 

PROB. XXVII. 
.To shew the equation of time. 
Begin either at Aries or Libra, and 
mark the equator and the ecliptic at 
every tenth degree : turn the globe, 
^nd the marks, in the first quadrant 
of the ecliptic, will come sooner to 
the meridian than the corresponding 
marks of the equator ; those of the 
sefcond quadrant will come later; those 
of the thirc^ sooner ; and those of 
the fourth, later : but, those at tfee 
beginning of each quadrant will come 
f o the meridian at the same time with 
those of the equator. 
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123. 

A well regulated clock keeps equa- 
torial time ; therefore, while the sun 
is in the first and third quadrants, an 
accurate sun-dial ought to be faster 
than the clock ; and, while be is in the 
second and fourth, the dial ought to 
be slower : at the beginning of each 
quadrant they ought to be equal. 

124. 

The moon is the principal agent in 
causing tides : the sun has ^Iso an in- 
fluence upon the waters, but, from 
his immense distance, it is inconsi* 
derable. If his power be considered 
as three^ w^ consider that of the moon 
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125. 
As the moon revolves in her orbit 
from west to east, she comes to the 
meridian of any place about three 
quarters of an hour later than she did 
on the preceding day; hence, there 
are two flood, and two ebb tides, in 
about twenty-five hours, 

126. 
When the sun and moon are in 
conjunction, or in opposition, the tides 
proceed from their united powers, 
which are considered as thirteen; 
they then rise to a more than ordinary 
height, and are called spring tides. 

127. 
When the moon is \i\ ^her first or 

or. 
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iast quarter, the sun, being in the me- 
ridian when she is in the horizon, 
counteracts her influence, and de- 
presses the water where she raises it; 
hence, neap tides then take place. 

128. 
About the time of the equinoxes 
when the moon is in conjunction or 
opposition, the sun's influence coin- 
cides with hers, and, therefore, the 
tides rise higher then than at any 
other time : and^ as the earth is 
nearer the sun before he comes to the 
vernal equinox, than when at the equi- 
nox, the tides, which happen a little 
before the, vernal equinox, are the 
highest: and, as the earth is nearer 
the sun, a little after he has passed the 
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Autumnal equinox than whcin at the 
equincxsf, the tides^ which happen after 
the autumnal equinox, are the highest. 

129. 
{The highest tides are not on the 
day of new, or full moon, but two 
or three days ^terwards : for the in- 
fluence of the luminaries upon the 
waters on the d^y of the new, or full 
moon, being superadded to their ac- 
tions on the preceding days, makes 
their influence superior to the single 
action of that day. 

PROB. XXVIIL 

The latitude^ the sun and moon^s place^ 
and the time of high water being gi- 
ven^ to Jind the moons azimuth. 
Rectify the globe, bring the sun's 
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place to the meridian, and set the 

index to the upper XII; find the 

« 

moon's longitude and latitude;* and 
there make a mark ; turn the ^lobe 
till the index point to the given time; 
fix the quadrant of altitude in the 
zenith^ and lay it over the moon's 
place^ then will the arch in the hori- 
zon, interoepted between the meridian, 
and' the point wViere it is cut by the 
quadrant^ shew the azimuth. 

PROB. XXIX. 

The latitude y the sun and moan's place, 

the moorCs azimuth when it is high 

water being given^.tojind the hour. 

Rectify the globe for the latitude 

and zenith, set the index to the upper 



* By an ephemerisi 



9S G£OGRAPHICAL 

Xll; find the moon's place^ aixi 
make a mark there ; put the quadrant 
to the given azifnuth^ and turn tlie 
gl6be till the moon's place come under 
it ; the index will shew the hour. 

PROB- XXX. 
The time of high water^ at new and 

Jull moony being given^ to Jind the 

time of high water for any given 

day. 

Rectify the glohe, find the sun*s. 
place and bring it to the meridian, 
set the index to the upper XII ; find 
the moon's place^ and make a mark 
there ; turn the globe till it come to 
the meridian, and the index will shew 
the time of the moon's southing ; add 
that to the time of high water at the 
full and change, and the sum will be 
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the time of high water for the given 
day. 

If the sum exceed twelve hours, 
12 must be subtracted from it, and 
the remainder will be the time of 
high water, next morning. 

130. 

The time of high water is about 
52 minutes later every day, and when 
the time of high water, at the full and 
change, is known, the time of any 
other flood tide may be thus rec- 
koned : 

The earth moves 1 5*^ every hour , 
the moon's diurnal motion, 1 3^, wants 
two of it ; the tides are 52 minutes 
later every day, answering to the 13®; 
lience, if it be high water at 1 2 Q*elo€k 
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on Monday, it will be high water on 
Tuesday, at 52 minutes past 12 ; dn 
Wednesday, at 44 minutes past 1 ; on 
Thursday, at 36 minutes past 2 ; on 
Friday, at 21 minutes past 3 ; on 
Saturday , at 20 minutes, past 4 ; on 
Sunday, at 12 minutes past 5; ^. 

131. 
At new and full moon, it is 
generally high water upon the most 

"westerly shorfes of Europe, about 3 
hours after the moon has passed the 
meridian ; it then diverges into dif- 
ferent parts ; the body of the stream 

'flows along the west and north of 
Ireland, continues through the He- 
brides, passes the north of Scotlaiid 
between the Orkney Islands and Shet^ 
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land^ and through the Pentland Frith^ 
eastward of which it flows in con- 
fluence with a set from the north- 
ward along the whole astern shores, 
of Great Britain ; so that it is high 
water progressively later at erery in- 
termediate point towards the south. 

132. 
' One branch of the main tide flows 
up the English Channel, and continues 
its course nearly to DiHigenesSt where 
it is met by the northern tide, which, 
from its superior weight, prevails over 
it, and flows an hour longer to the 
westward : from this conflux the tide 
rises several feet higher in the strait 
than at any other place in the 
Channd. 

IS 
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133. 

The celestial globe represents the. 
concave arch of the heaven^ and, 
when using it, we conceive ourselves 
at its centre. It is divided into thre^ 
regions, viz. the zodiac, the northern 
hemisphere, and the southern- hemis* 
phere. 

134. 

The zodiac is [6^ broad, in the 
middle of which is the ecliptic; it 
includes the latitudes of the planets ; 
beyond its limits neither the moon 
nor the planets ever move. The 
zodiacal constellations are known by 
the name of the twelve signs. 

135. 

There are thirty eight constellations 
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in tlis northern hemispbere^and forljf 
seven in the southern. A straight 
line drawn through the two 8tar$( of 
Ursa Major, (Charles* wain,) called 
the pointers, leads to the pole star. 

136. 
The latitude of a star is its distance, 
north or south, from the ecliptic, upon 
which, longitude is reckoned, from 
that circle which p^^ through the 
first of Aries : the jHKie and longi- 
tude of the ftars are found by the 
quadrant of altitude. 

PROB. XXXI. 
Tojhid the latitude arid longitude of a 

star. 
Bring the pole of the ecliptic to the 
meridian^ and fix the quadrant over 
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it ; lay its graduated edge over the 
star ; and the point above the star is 
Its latitude : the sign and degree of 
the ecliptic, reckoned from the first 
of Aries, is its longitude; thus, the 
latitude of . Arc turus is 31° N. ; and 
the longitude of Capella^ 7^*^ 

137. 

The declination of a star is its dis- 
tance, north or south, from the equi- 
noctial^ measured on the brass men- 
dian ; thus, the declination of Sirius 
is if 27' S, 

138. 

As the figure of the earth is sphe- 
rical^ places lie, either under the equi- 
noctialy under the poles^ or between 
both: firom this difference of situation^ 
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the heavens, ia their apparent diurnal 
motion, with respect to the inhabitants, 
exhibit very different phaenomena. 

139 
To those who live under the equi- 
noctial, the poles lie in the horizon ; 
the equa,tor, tropics, and polar circles 
are perpendicular to the horizon ; the 
heavenly bodies rise and set perpen- 
dicularly, and their days and nights 
are always equal. The globe, thus 
situated, is called a right sphere. 

140. 
To those who live under the poles 
the axis of the world is at right angles 
to the horizon ; the equator and hori* 
zon coincide, and to them the four 
lesser circles are parallel ; the poles 
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are in the zenith and nadir ; there is 
but one day and night throughout the 
year ; the moon in half her monthly 
course never rises, and in the other 
never sets ; the fixed stars always 
describe circles parallel to the horizon, 
some of -which never rise, and others 
never set. The globe, thus situated^ 
is called a parallel sphere, 

141. 
To those who live neither under 
the equinoctial, nor under the poles, 
the equator and all its parallels make 
oblique angles with the horizen ; One 
of the poles of the world is elevated 
above, and the other depressed below, 
the horizon. This situation of the 
globe is called an oblique sphert. 
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142. 

The right ascension of the sun^ 
(or a star,) is that degree of the 
equinoctial^ which is cut by the meri- 
dian^ when it is brought to it ; and it 
is reckoned from the first of Aries, 
eastward, round the globe ; thus, the 
right ascension of Aldebaran is 66° 6'. 

PROB. XXXII. 
To find the right ascension of a star in 

time. 

Make the globe into a right sphere ; 
bring the given star to the eastern 
side of the horizon ; and the place, 
where the equinoctial is cut by it, 
will shew its right ascension in time ; 
thus, the right ascension of Arcturus 
is 14 h. 5 min. 



♦I 



108 GEOGRAPHICAL 

143. 

Oblique ascension is an arch of 
the equinoctial intercepted between 
the first of Aries and that point of the 
equinoctial which rises with the sun^ 
moon, or any star. 

Ascensional difference is that which 
exists between right and oblique as- 
censicm. 

144. 

4 

At the equinoxes the right and 
oblique ascension of the sun are 
equal. When the right ascension 
is greater * than the oblique, the sun 
f ises before 6 o'clock ; and, when 
the oblique is greater, he rises after six. 

PROB. XXXIII 
To find the suris right and oblique 
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ascension, and the ascensional dij- 

fer^ce. 

Rectify the globe for the given 
place ; find the sun's right and ob- 
lique ascension; subtract the less 
fi-om the greater ; bring the remain- 
der into lime, and it will shew when 
the sun rises before, or after 6 o'clock. 

PROB. XXXIV. 
To find the azimuth and altititde of a 

fixed star. 

Rectify the globe for the given la- 
titude, and the sun's place ; turn the 
globe till the index point to the given 
hour ; fix the quadrant of altitude in 
the zenith ; lay it over the star, and 
it will shew its altitude and azimuth. 
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PROB. XXXV. 

The azimuth of a star being given t9 

« 

find the hour of the night » 
Rectify the globe for the given la- 
titude and the sun's place ;"if the star 
be due N, or S. ; bring it to the 
meridian, and the index will shew 
the hour : — if it be in any other 
direction, fix the quadrant in the 
zenith, and bring it to the star's 
azimuth in the horizon; turn the 
globe till the quadrant cut the star, 
and then the index will shew the 
hour. 

PROB. XXXVI. 
JTo find the time of the risings culmi'^ 
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nation, for meridian transit,) and 

setting of a star. 

Rectify the globe for the latitude^ 
and the sun's place, for the given day ; 
turn the globe till the star be vipon 
the eastern side of the horizon, and 
the index will point to the time 'of its 
risijig : bring the star to the meridian, 
and the index will ,shew the time of 
its culmination ; thus, by turning the 
globe till it come to the western side 
of the horizon, the index will shew 
the time of its setting. Thus, at 
London, on the 17 th of November, 
the Pleiades rise at. three-quarters past 
3 o'clock, P. M. ^culminate at mid- 
night, and set a little past 8, A. M. 
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The appearance of the heavens may 
be represented on the celestial globe, 
by first rectifying it, and bringing the 
sun's place to the meridian, and set- 
ting the index to the upper XII; 
after which, nothing else is required, 
but to place the poles exactly north 
and south, and Ip turn the globe till 
the index point to any given hour : 
then,. conceiving ourselves at its cen- 
tre, the part of the globe above the 
horizon will be a true representation 
of the heavens. 
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By forming a clear conception of 
these " Institutes" the Student will be 
enabled to understand more extensive 
and scientific works, and eventually, 
it is presumed, he will not find it 
difficult to enter upon the study of . 

4 

the most definite part of Natural 
Philosophy —A stroxomy. 
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